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(71) We, The English Electric Com- 
pany Limited, of 1, Stanhope Gate, Lcmdon. 
WIA lEH, a British Company, do hereby 
declare the invention, for which we pray 
5 that a patent may be granted to ns. and 
the method by wluch it is to be peifanaed* 
to be particularly described in and by the 
following statement: — 
This Invention relates to dynamo efcctric 

10 machines of the kind comprising a stator 
having a core with a generally cylindrical 
bore, a stator winding mcorporating a plu- 
rality of conductors supported around the 
bore of the stator core, and a generally 

15 cylindrical rotor mounted for rotation with- 
in the bore. Such machmes will be n&rred 
to as being of "the kind specified". 

With various types of dynamo electric 
machine it is advantageous to have the oper- 

20 ative parts of the stator winding condndors, 
that is to say the parts extending longitndin- 
ally along the stator core between the end 
turns, disposed entirely in the air gap fonned 
between the rotor and the stator instead of 

25 in slots in the stator core. This i^^plies 
especially to large alternating current genera- 
tors in which it would be particulady ad- 
vantageous to position the operative parts 
of the stator winding conductors in the air 

30 gap. 

However, the stator winding of soch a 
machine is subjected to considerable mech- 
anical force during normal operaticm and 
under fault conditions forces acting on the 

35 stator winding are greatly increased. The 
prime consideration m buUdmg a large alter- 
nating current generator with the operative 
parts of the stator winding conductors in the 
air gap is thus one of securmg these parts 

40 of the conductors in the air gap ^o that they 
will resist mechanical forces tending to dis- 
tort or destroy them. 

According to the present invention in a 
dynamo electric machine of the kind 5peci- 

45 fied having the operative parts of the stator 
winding conductors arranged in the rotor- 
[Price 25p] 



stator air gap. said parts of the winding con- 
ductors are disposed in a plurality of axi- 
ally extending trough members, each com- 
prising a base with integral side walls ex- 50 
tending substantially radially outwards, the 
outer ends of the side walls fitting into axi- 
ally extenduig slots m the stator core, and 
the trough members, with the operative parts 
of the stator winding conductors accommo- 55 
dated therein, being arranged to form a sub- 
stantially cylindrical structure within the 
stator bore. 

Each trough member may include a radi- 
ally outer cover plate fitted over the opera- 60 
tive parts of the stator winding conductors, 
between said parts and the adjacent face of 
the stator core. 

Each cover plate may include radially ex- 
tending side walls which fit within the side 65 
walls of the trough member and withhi the 
slots in the stator core. 

An axially extending cap of channel sec- 
tion may be fitted over the ends of adjacent 
radially extending side walls, and each cap 70 
may be a good fit within an associated slot 
in the stator core, or alternatively one or 
more of said caps may be of narrower 
width than the respective slots, in which 
case conformable packing is preferably 75 
located between the caps and the waDs of 
the respective core slots. 

In a modification of this last-mentioned 
arrangement having axial stator slots which 
are wider than the side walls, the caps may 80 
be omitted, conformable packing then being 
disposed directly between the sides of the 
or each slot and the portions of the side 
walls within the slots. 

The width of the trough members may 05 
be such that they can be assembled to fonn 
a substantially unbroken continuous cylin- 
drical structure within the stator bore. 

Alternatively the trough members may be 
such that when they are assembled into the oft 
stator bore a space is left between at least 
one pair of side walls of adjacent troughs. 
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packing being inserted into each such space. 

Preferably such packing comprises tapered 
wedges. 

One or more of the axiaJIy extending slots 
5 in the stator core may be so shaped Siat at 
least part of the radially outer part of the 
slot is wider than the mouth of the slot, 
adjacent side walls extending into the slot 
being fonned to extend circumferentially 
10 towards, or into, the wider part of the slot 
so that the side walls of the trough members 
can be keyed into the stator slots. 

Preferably, pairs of adjacent side walls 
are of generally overall dovetail shape and 
15 fit into slots of a similar cross section. 

The trough members an/or the cover 
plates thereof may be provided with radial 
and/or axially extending apertures, chan- 
nels. or ducts for the passing of a cooling 

20 medium. 

Alternatively the radially outer face of 
one or more of the cover plates may be 
formed with radially extending ribs so that 
when the cover plates are in position ducts 

25 are provided between at least part of these 
plates and the inner face of the stator bore 
for the passage of a cooling medium. 

In another arrangement wedges or packing 
members used between trough members may 

30 be formed with ducts or channels for the 
passage of a cooling medium, or the wedges 
or packing members may be so arranged 
that such ducts or channels are left between 
wedges or packing members. 

35 The trough members may be substantially 
all of the same width, although at least some 
of the trough members used to form the 
cylindrical structure may be of different 
widths from others of the trough members. 

40 The trough members may be so arranged 
that the arcuate distance between the opera- 
tive part of one stator winding conductor 
and another, or between groups of said parts 
differs around the circumference of the 

45 cylindrical structure whereby tSie complete 
stator winding can be arranged to give an 
armature reaction wave and generated ejai.f . 
of low harmonic contents. 
The above described arrangement of the 

50 wmding may be achieved by having trough 
members with walls of different thickness, or 
providing spacers between chosen pairs of 
adjacent trough members, or inserting 
wedges of different thicknesses between ad- 

55 jacent pairs of different trough members. 
The stator winding end turns may be 
arranged in the known flared frusto-conical 
arrangement, and the stator core can com- 
prise two semi-annular parts secured to- 

60 gether after the respective parts of the stator 
winding have been secured in the two parts 
of the stator core. 

In a modification of this arrangement the 
flared portions of the end turns are com- 

65 paratively short and are at a relatively small 



angle to the axis of the stator bore, the end 
turns including straight portions extending 
from the ends of the flared portions parallel 
to the axis of the stator bore. 
. However the radially outer end turns may 70 
be arranged parallel or substantially parallel 
to the axis of the stator bore and the radi- 
ally inner end turns extend inwardly towards 
the axis of the stator bore. 

The stator winding end turn portions 75 
associated with the operative parts of the 
stator winding conductors in the trough 
members may be flared outwardly in known 
manner and tiie cylindrical structure built up 
of a number of trough members containing 80 
said operative parts of the winding conduc- 
tors, tie arrangement being such that one 
end of each trough member with the end 
turn portion can be passed through the stator 
bore, 85 

The wedges or packing inserted into at 
least the lower part of the cylindrical wind- 
ing structure may extend into the air gap 
to provide supporting surfaces for the rotor 
whilst the rotor is being inserted into the 90 
stator, those parts of the wedges or packing 
extending into the air gap being so con- 
structed that they can be removed after 
insertion of the rotor into the stator bore. 

In an alternative arrangement the wedges 
or packing between trough members may be 
such as to leave shallow axially extending 
slots in the face of the lower part of the 
cylindrical winding structure for receiving 
removable locating means on which the 1^ 
rotor can rest when it is being inserted into 
the stator, 

A stator winding for a dynamo electric 
machine in accordance with die invention 
may be a single layer winding or a multiple ^^5 
layer winding. 

A number of raibodiments of the inven- 
tion will now be described, by way of ex- 
ample, with reference to the accompanying 
drawings in which:— 110 

Figure 1 shows one embodiment of the 
invention. 

Figure 2 shows a modification of the Fig- 
ure 1 embodiment. 

Figure 3 shows a second embodiment or 115 
the invention. 

Figure 4 shows a modification of the Fig- 
ure 3 embodiment. 

Figure 5 shows a third embodiment of the 
invention, 120 

Figures 6 and 7 show modifications of 
the invention which can be used with the 
arrangements of Figures 1 to 5, and 

Figure 8 shows one winding arrangement 
which can be used with the embodiment of 125 
Figures 1 to 7. 

Figure 1 shows part of the stator core 
10, part of the rotor core 11 and part of 
the rotor-stator air gap 9 between the stator 
and rotor cores of a dynamo electric ma- 130 
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chine. The operative parts of the stator 
winding of the machine are disposed in the 
rotor-stator air gap, being built up of in- 
sulated conductor bars two of which are 
5 shown in part at 12 and 13 and two in full 
at 14 and 15. The conductor bars have 
straight portions, which extend longitudinally 
along the stator core and provide the opera- 
tive parts of the stator winding, these being 
10 the parts shown in Figure 1, and end turns 
(not shown). The stator winding conductor 
bars may be of known construction that is, 
comprising separate lightly elcctricallly in- 
sulated strands which are transposed, and 
15 some or all of the strands may be hollow 
for the passage of a cooling medium, the 
conductor bar being surrounded by more 
substantial insulation to withstand coil to 
coil voltages. 
20 The straight portions of the conductor 
bars are accommodated in members in the 
form of troughs, parts of two of which are 
shown at 16 and 20. The trough 16 com- 
prises a base having a pair of side walls 
25 formed integrally therewith, and is disposed 
with the side walls, one of which h shown at 
17, extending radially outwards. The trough 
16 is associated with a cover plate 18, also 
having radially extending side walls, one of 
30 which is shown at 19, the cover plate fit- 
ting within the trough as illustrated. The 
trough 20 similarly has a pair of radially 
extending side walls, one of which is shown 
at 21, and is fitted with an associated cover 
35 plate 22 with radially extending side walls 
as at 23. The ends of the four adjacent 
side walls 17, 19. 21 and 22 of the troughs 
16, 20 are covered by a trough-like axially 
extending cap 24 which fits tightly into an 
40 axial slot 25 in the stator core 10, 

Any suitable adhesive may be used be- 
tween the troughs 16 and 20, cap 24 and 
the core 10, but as far as possible the use 
of adhesives is avoided so that the conductor 
45 bars can more easily be replaced. 

All parts of the trough, cover and cap 
are of electrically insulating material and 
the width of each trough depends upon the 
winding design and the number of conductor 
50 bars to be accommodated in a single trough. 
The side walls (not shown) at the opposite 
sides of the troughs 16, 20 may be the same 
as those illustrated or they could be of a 
different construction as, for example, des- 
55 cribed later in relation to other embodi- 
ments. 

The embodiment of Figure 2 is similar to 
that of Figure 1 excepting that the slot 25 
is larger tiian the cap 24, and packmg 26, 

60 27 and 28 is placed between the cap 24. and 
slot 25. The packing 26, 27 and 28 may 
comprise any suitable resin impregnated ma- 
terial, the resin being cured when the troughs 
have been assembled. Alternatively, the 

65 packing may comprise flexible bags into 



which a liquid resin material is pumped, the 
bags therefore bebg sealed and the resin 
cured. 

This latter arrangement has the advantage 
of tightly positioning the troughs within the 70 
bore of the stator 10, also spaces 30 and 31 
can be left between packing as shown, for 
the passage of a cooling medium such as a 
gas. 

The arrangement of Figure 3 is similar to 75 
that of Figures 1 and 2 except that the side 
walls 17A, 19A, 21A and 23A are at a 
different angle to the respective parts 16, 18, 
20 and 22 so that the side walls have a 
general overaD dovetail outline which fits 80 
into a similarly shaped dovetail slot 25A. In 
this arrangement the troughs are secured 
within the stator bore by wedges which are 
tapered both radially and axially. The 
wedges are preferably inserted radially into ©5 
the location space and tightened in position 
to secure the troughs and winding witbin 
the stator bore. Each wedge 33 or 34 will 
normally comprise a number of shorter 
wedge portions as shown in Figure 7. This "0 
Figure shows pairs of co-operating wedges 
33 and 34 in position between trough mem- 
bers 16 and 20. The pairs of co-operating 
wedges are inserted radially and then driven 
towards one another. When the pairs of 
wedges have been fully tightened with one 
another dowel pins 44 are inserted to pre- 
vent axial movement of the wedges. It wDl 
be seen that the wedges are of such length 
that spaces 45 are left between wedges, these 100 
spaces can be used for the passage of a 
cooling medium. 

Figure 4 shows an arrangement similar 
to that of Figure 3 but including packing 26A 
and 27A in the manner of the packing 26 105 
and 27 of Figure 2. 

The arrangement of Figure 5 is similar to 
that of Figure 1 except that the cap 24 is 
not used and packing 26B and 27B used, 
similar to the packing 26 and 27 of Rgure 110 
2. 

Figure 6 is generally similar to Figure 3 
but is a composite drawing which shows 
three modifications which may be applied to 
all embodiments. On the left hand side of 115 
Figure 6 the trough cover 18A is shown with 
projecting teeth so that spaces 41 are left 
between the trough cover and the face of 
the rotor bore. The spaces provide flow 
paths for a cooling medium, such as a gas, 120 
which is caused to flow through ducts or 
spaces in the stator core. The teeth 40 
may extend only over part of the face of 
the trough cover depending upon the desired 
flow pattern of the cooling medium. Thus 125 
in places the thickness of the cover 18 A 
could be increased to be equal to the thick- 
ness of the cover plus the thickness of the 
teeth 40 so as to provide greater strength 
and better electrical insulation. 130 
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is for the end turns to be fomicd with only 
short portions whidi extend radially and 
longer portions which then extend parallel 
to the axis of the stator bore. Such an ar- 

5 rangement can be used with end turns which 
extend radially outwards for aihmt distance 
and have further portions which extend 
parallel to the axis of the stator bore. 
The wedges, or where used, spacers bc- 

10 tween trou^ may be made to extend into 
the machine ah: gap in the iowcx part of 
the stator bore so as to provide a support 
surface for the rotor when it Is inserted into 
the stator bore. However, it would be desir- 

15 able to be able to remove the projecting por- 
tions so that they do not increase wmdage 
losses. An alternative arrangement would 
be to use spacers or wedges whidi left shal- 
low ducts between trough sides, these shallow 

20 ducts actmg to locate and hold in position 
means on which the rotor could rest, this 
means being later withdrawn axially from 
tie air gap either whole or broken into pieces 
as it is withdrawn. 

25 

WHAT WE CLAIM IS:— 

1 . A dynamo electric machine of the kind 
specified having the operative parts of the 
stator winding conductors arranged in the 

30 rotor-stator air gap, wherein said parts of 
the winding conductors are disposed in a 
plurality of axially extending trough mem- 
bers, each comprismg a base with integral 
side walls extendmg substantially radially 

35 outwards, the outer ends of the side walls 
fitting into axially extending slots in the 
stator core, and the trough manbers with 
the operative parts of the stator wmding 
conductors accommodated therein, being ar- 

40 ranged to form a substantially cylindrical 
structure within the stator bore. 

2. A machine according to Claim 1 in 
which each trough member includes a radi- 
ally outer cover plate fitted over the opera- 

45 tive parts of the stator winding conductors, 
between said parts and the adjacent face 
of the stator core. 

3. A machine according to Claim 2 in 
which each cover plate indudes radially 

50 extending side walls which fit within the side 
walls of the trough member and extend into 
the slots in the stator core. 

4. A machine according to Claim 3 in- 
cluding an axially extending cap of channel 

55 section fitted over the ends of adjacent radi- 
ally extending side walls, each channel sec- 
tion being a good fit within an associated slot 
in the stator core. 

5. A machine according to Claim 3 in- 
60 eluding an axially extending cap of channel 

section fitted over adjacent radially extend- 
ing side walls for insertion into associated 
slots in the stator core with conformable 
packing between the chaimel sections and 
65 the w^ls of the core slots. 



6l a machine according to any of the 
preceding claims wherein the width of the 
trough members is such that they can be 
assembled to form a substantially unbroken 
continuous cylindrical structure within the 70 
stator bore, 

7. A machine accordmg to any of the 
preceding claims in which Sie trough mem- 
bcxs are such that when they are asswnbled 
into the stator bore a space is left between 75 
at least one pair of side walls of adjacent 
jnembers, packing being inserted into each 
such space. 

8. A machine according to Claim 7 in 
which the packing comprises tapered wedges. 80 

9. A machine according to any of the 
preceding claims in which one or more of 
the axiaUy extending slots in the stator core 
are so shaped that at least part of the radi- 
ally outer pan of the slot is wider than the 85 
mouth of the slot, adjacent side walls ex- 
tending into the slot being formed to ex- 
tend cu-cumferentially towards, or into, the 
wider part of the slot so that the side walls 

of the trough members can be keyed into 90 
the stator slots. 

10. A machine accordmg to Clann 9 in 
wim;h pairs of adjacent side walls are of 
generally overall dovetail shape and fit into 
slots of a similar cross section. 95 

11. A machine according to any pre- 
ceding Claim 2 to 10 m which the trough 
members and/or the cover plates thereof are 
|»ovided with radial and/or axially extend- 

ii^ apertures, channels, or ducts for the pas- 100 
sage of a coolm^ medium. 

12. A machine according to any of 
Claims 2 — ^5 in which the radially outer face 
of one or more of the cover plates is formed 
vrhh radially extending ribs so that when 105 
the cover plates are in position ducts are 
provided between at least part of these 
pSates and the inner face of the stator bore 
for the passage of a cooling medium. 

13. A machine according to Qaim 5. 7 110 
or 8 in which wedges or packing members 
iised between trough members are formed 
with ducts or channels for the passage of a 
cooling medium. 

14. A machine according to Claim 13 in 115 
which the wedges or pacldng members are 

50 arranged that such ducts or channels are 
left between wedges or packing members. 

15. A machine according to any of the 
preceding claims in which the trough mem- 120 
}XTS are substantiaUy all of the same width. 

16. A machine according to any of 
Claims 1 to 14 in which at least some of 
the trough members used to form the cylin- 
drical structure are of different widths from 125 
cdiers of the members. 

17. A machme accordmg to any of the 
preceding clauns in which trough members 
with the operative parts of the stator wind- 
ing conductors therein are arranged in a 130 



1.365.191 



between groups of ^^^^P^^i^^^^ struc mgs. 

t^Lt^>fvX Sm^leteW winding Applicants. 



10 



rhrdrctSifefence o^i^^Sr wbtog 
lure whereby to gnpkte^a^^^^ 

Xv^^i gl-rSefeS- of low harmomc 
contents, 



For the Applicants. 
H.V.A.KING. 
Chartered Patent Agent. 
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